INTRODUCTION {#sec1-1}
============

Hepatocellular carcinoma (HCC) is the fifth most common malignant tumour worldwide, accounting for 5.6% of all human cancers.\[[@ref1]\] It is also the third most common cause of cancer-related deaths worldwide.\[[@ref2]\] Liver resection (LR) for HCC is now considered to be a safe procedure and has been expanded to include major hepatectomies and resection of the posterosuperior segments.\[[@ref3][@ref4][@ref5][@ref6]\] Although the recurrence rate of HCC is as high as 70% after 5 years,\[[@ref7][@ref8]\] there is a relatively good prognosis for recurrent HCC (rHCC) on repeat LR (RLR).\[[@ref9][@ref10][@ref11]\] These resections are typically performed through the traditional open RLR (ORLR) method; however, laparoscopic RLR (LRLR) for rHCC has been shown to have several feasibility and safety advantages.\[[@ref12][@ref13][@ref14]\]

Further research is needed to evaluate the extent of the advantages of LRLR. To the best of our knowledge, this is the first report of an LRLR surgery strategy that combined removal of adhesions with control of bleeding, two factors that contribute to the difficulty of RLR procedures. The aim of this study was to improve the safety and feasibility of LRLR for rHCC, according to the extent of the peritoneal adhesions and the first hepatic portal, and also to select the appropriate technique to control the hepatectomy bleeding.

METHODS {#sec1-2}
=======

Patients and inclusion criteria {#sec2-1}
-------------------------------

A total of 13 cases of LRLR for rHCC, who were admitted to the Department of Hepatobiliary Surgery of the Affiliated Hospital of Guilin Medical and The First Affiliated Hospital of Guangxi Medical University in China for a period from 1 January, 2013 to 25 March, 2017, including 8 males and 5 females; aged 28--72 years, mean age 54 years. Thirteen cases were received at least one laparotomy due to HCC. These were as shown in [Table 1](#T1){ref-type="table"} and Partial images were as shown in [Figure 1](#F1){ref-type="fig"}.

###### 

Information of patient of laparoscopic repeat liver resection for recurrent hepatocellular carcinoma

  Case   Gender   Age (year)   The liver segment in the first operation   Recurrence time (min)   Recurrence of the liver segment   The diameter of recurrence tumour (mm)   The operative time (min)   The intra-operative blood loss (ml)   The post-operative hospital time (days)
  ------ -------- ------------ ------------------------------------------ ----------------------- --------------------------------- ---------------------------------------- -------------------------- ------------------------------------- -----------------------------------------
  1      Male     47           4                                          18                      2                                 30                                       130                        180                                   7
  2      Female   42           1,4                                        60                      4                                 15                                       110                        280                                   8
  3      Male     41           7                                          12                      7                                 20                                       180                        300                                   12
  4      Male     56           2                                          3                       2                                 10                                       120                        120                                   6
  5      Male     65           5,6                                        16                      3                                 15                                       110                        150                                   6
  6      Female   64           7                                          10                      6                                 35                                       180                        350                                   10
  7      Female   57           3                                          52                      4                                 20                                       120                        200                                   9
  8      Male     28           8                                          21                      5                                 20                                       190                        360                                   12
  9      Male     68           8                                          42                      8                                 15                                       200                        360                                   13
  10     Female   72           2,3                                        30                      5                                 45                                       160                        350                                   12
  11     Male     45           6                                          24                      4                                 15                                       120                        300                                   10
  12     Male     53           5                                          3                       3                                 15                                       110                        160                                   7
  13     Female   60           6,7                                        10                      2                                 20                                       120                        150                                   6

![(a) Tumour in the left lobe in liver on the first pre-operative day. (b) Resection of tumour on the first post-operative day. (c) Tumor in the right lobe in liver on the second pre-operative day. (d) Resection of tumour in the second post-operative](JMAS-15-214-g001){#F1}

The inclusion criteria were as follows: (1) rHCC after laparotomy; (2) rHCC located in the left lateral lobe or S5,6 segment of the right lobe or near the surface of S~7,8~ segment of the liver, without surgical contraindications; (3) no major vessel or bile duct tumour invasion or metastasis; (4) Grade A and no accompanied by severe cirrhosis and (5) Patients could generally tolerate hepatectomy besides disease of heart and lung and so on.

Surgical position and trocar approaches {#sec2-2}
---------------------------------------

A total of 13 patients were anaesthetized and intubated. They were placed in a supine, low position, with their legs spread apart. A six-way access approach was used, in which the surgeon stood between the patient\'s legs, the first surgical assistant stood on the left side of the patient, the second assistant stood on the right side of the patient and the laparoscope-supporting assistant stood next to the first surgical assistant.

First, a small incision (1.0 cm in length) was made along the upper edge of the navel, as far from the adhesions as possible, and then, a 10-mm trocar was inserted and pneumoperitoneum was established. Pressure was maintained at 12 mmHg. The laparoscope was inserted to explore the liver tumour and peritoneal adhesions. Five additional access points were created: a 5-mm trocar was inserted at 2 cm below the right costal margin; a 10-mm trocar was inserted lateral and parallel to the umbilicus and used as the main surgical access; a 5-mm trocar was inserted underneath the left costal margin and a 10-mm trocar was inserted for the primary surgical access located at laterally and upper with the umbilicus. Moreover, the last was a 10-mm trocar located 2 cm below the xyphoid for the Pringle manoeuvre and the surgeon separated the adhesions.

The grading criteria for the peritoneal adhesions were as follows: P~1~ = mild adhesion that can be bluntly separated; P~2~ = mild adhesion that can be sharply separated; P~3~ = more tissue and vascular adhesions requiring sharp separation and P~4~ = dense organ, intestinal adhesions, possibility of inducing injury during the process of separation. The grading criteria for adhesions of the first hepatic portal were as follows: H~1~ = adhesion of the first hepatic portal can be easily separated; H~2~ = more tissue adhesions and the left or right hepatic artery can be separated; H~3~ = adhesion can be separated and the first hepatic portal can be managed by the Pringle approach and H~4~= dense adhesions, and the first hepatic portal cannot be separated. Adhesions were divided into stages according to the above combination. These were as shown in [Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}.

###### 

Adhesive stages according to criteria

         H~1~   H~2~   H~3~   H~4~
  ------ ------ ------ ------ ------
  P~1~   I      I      III    IV
  P~2~   I      I      III    IV
  P~3~   II     II     III    IV
  P~4~   III    III    IV     IV

![(a) Peritoneal adhesions by laparoscopic. (b) Adhesion can be separated and the first hepatic portal can be handled by approach of Pringle. (c) More tissue adhesions and the left hepatic artery can be separated. (d) Dense adhesions and the first hepatic portal cannot be separated](JMAS-15-214-g002){#F2}

Surgical procedure {#sec2-3}
------------------

The location and incision edges of the tumour were identified by the surgeon using laparoscopic ultrasound guidance. First, the local blood flow was blocked through ligation of the left or right hepatic artery and/or the Pringle approach, based on the assessment of the degree of the abdominal and first hepatic portal adhesions, taking into consideration the location of the tumour (edge/central) and the relationship between the tumour and the main blood vessels of the liver. Next, we used an ultrasound scalpel to separate the liver parenchyma, followed by absorbable ligating clips to stop the bleeding from the main vessels. The surgeon then resected the tumour and used argon plasma coagulation to stop minor bleeding in the operating field. Finally, we placed an abdominal drainage tube per the surgical site.

Post-surgery follow-up {#sec2-4}
----------------------

The patients were to return routinely every month for 12 months, and then every 2--3 months after the first 12 months. Evaluations included abdominal ultrasound, computed tomography, magnetic resonance imaging, liver function tests, alpha-fetoprotein levels and other evaluations as needed.

RESULTS {#sec1-3}
=======

A total of 13 cases of rHCC were successfully treated, including 1 case that was completed using ORLR. Three cases had less adhesions, 9 cases were more adhesions with 1 case having serious adhesions. Two cases required that the local blood flow be blocked because the tumours were on the edge of the liver and the adhesions, according to the criteria, were less than Stage II. Three cases used ligation of the left or right hepatic artery because the adhesions were Stage II, but the tumours were at the centre of the liver parenchyma. Seven cases used the Pringle approach because the adhesions were Stage III. The remaining case was completed by transfer to the ORLR method because the adhesions were Stage IV. Three of the cases were mass resection (diameter ≥3 cm), the others were small hepatectomies (diameter \<3 cm). No severe perioperative complications occurred. The average time for surgery was 142 ± 34 min; the average intra-operative blood loss was 251 ± 92 ml and the average post-operative hospital time was 9 ± 3 days. The mean follow-up time was 25 months. At the last follow-up, 11 of the 13 patients were surviving; two patients died because of tumour recurrence.

DISCUSSION {#sec1-4}
==========

Currently, treatments of rHCC mainly include transarterial chemoembolization, radiofrequency ablation and molecular-targeted therapies. A relatively good prognosis is also achieved using RLR for rHCC. However, only 7% of patients with rHCC are suitable for resection.\[[@ref15][@ref16]\] The dense peritoneal adhesions and the first hepatic portal can increase the risk and difficulty of repeated open surgery. Laparoscopic surgery, however, can significantly reduce adhesions and therefore make repeated resections more viable.\[[@ref17][@ref18]\] LRLR has been widely used in the treatment of HCC due to the advantages of being minimally invasive, but LRLR is still not the typical procedure used for rHCC. If it can be proved that LRLR has similar validity and safety as ORLR, then it may become more widely used. Some reports indicate that the patients had also made by LRLR\[[@ref19][@ref20]\] Yu *et al*.\[[@ref21]\] reported that they confirmed that it was the feasibility of LRLR because they made 14 patients by LRLR who had received resection of HCC.

We reported 13 cases of LRLR as the surgery strategy for rHCC. The primary purpose of this study was to improve the safety and feasibility of LRLR for rHCC based on the degree of severity of the peritoneal adhesions and the first hepatic portal, then to select the appropriate technique to control the bleeding of the hepatectomy.

In general, because of the complexity of post-operative adhesions from the first open operation for HCC, laparoscopic surgery has not been recommended for repeat surgery in the past. Compared with LRLR, ORLR can lead to more severe abdominal cavity adhesions. RLR can also induce many complications in the process of separating the adhesions, such as injury of the bowel loops or blood vessels. To reduce complications, we formulated a surgical strategy. First, the first trocar was placed in a site away from the adhesion; then pneumoperitoneum was established and the rest of the trocars were placed in a laparoscopic observation. Second, we separated the adhesions by taking advantage of the fixed and familiar anatomical signs, avoiding blind separation. Third, separation of the adhesions was made close to the abdominal wall and liver, but as far away as possible from the bowel and blood vessels. And finally, the severity of the adhesions in the abdominal cavity had to be determined before separation, and if they were severe, we took care to avoid creating a secondary injury. To control the bleeding of the LR, we dissected either the left or right hepatic artery. If the adhesion was serious and Stage IV, we completed the resection by ORLR.

We had initially confirmed that LRLR was safe and feasible for rHCC after rigorous indications and recommended that it should be done by a surgical team with extensive experience in the liver and endoscopic surgery.

CONCLUSIONS {#sec1-5}
===========

We found that LRLR was safe and feasible for rHCC, and we recommend that it should be more widely used in clinical practice. The severity of the adhesions in the abdominal cavity needs to be evaluated before separation, and the appropriate technique for control of the bleeding following the hepatectomy needs to be determined. This was a small study and a randomized study with a larger sample size is needed to confirm the results.
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